Background: A goal of Healthy People 2010 was to reduce health disparities. We determined the extent of reductions in geographic disparities in five breast cancer screening indicators.
Introduction
Breast cancer is the most commonly diagnosed cancer and the second leading cause of cancer death among women in the United States with ∼40,000 deaths expected in 2009 (1) . Mammographic screening for breast cancer reduces the risk of breast cancer mortality (2) (3) (4) (5) . The proportion of women ages 50 to 64 years who had a mammogram within 2 years more than doubled from 32% in 1987 to 79% in 2000 (6, 7) ; however, recent studies show that mammography use has reached a plateau or even declined slightly (8) .
Monitoring the effects of breast cancer screening at the population level is vital to maximize its effect, particularly in light of changes in mammography use. Based on data from screening programs implemented in western European countries, the reduction in breast cancer-related mortality among women with screen-detected cancers resulted from a predictable pattern of detection of tumors with smaller mass, at an earlier stage, and before they metastasize to lymph nodes (4, (9) (10) (11) . In the United States, early-stage breast cancer incidence increased dramatically during the past few decades (12, 13) , but declined during 2001 to 2004 (14) . In addition, late-stage breast cancer declined over time, as did mortality rates (14) .
Although breast cancer incidence and mortality trends are generally monitored at the national level (14) , little is known about small-area variation (geographic disparity) in these trends. Reducing disparities, including geographic disparities, is an overarching goal of the Healthy People 2010 initiative and of the National Cancer Institute's (NCI) strategic plan (15, 16) . Monitoring disparities in the abovementioned indicators of breast cancer screening at small geographic levels (e.g., the county level) may help facilitate local health planning through interventions aimed at increasing screening and allocation of pertinent screening resources. Extensive geographic disparity in the effects of breast cancer screening is expected because screening use varies geographically (17) (18) (19) , but it is unclear if this disparity has changed over time. The purpose of our analysis was to describe temporal changes in geographic disparity and overall rates of five breast cancer screening indicators across 200 counties using population-based breast cancer data during 1988 to 2005.
Materials and Methods

Data source
We used the 1988 to 2005 public-use county-level data from nine population-based Surveillance, Epidemiology, and End Results (SEER) programs to calculate the rate of five breast cancer screening indicators in an ecological study design. We used 1988 as the first year of observation because this is the first year when detailed information about lymph node involvement, American Joint Commission on Cancer tumor-node-metastasis staging, and tumor size are available in the SEER data. The SEER programs collect data about demographics (age, race, marital status, census tract, and county), clinical characteristics of the tumor (stage at diagnosis, tumor biology), treatment (type of surgery, receipt of radiation therapy, and lymph node dissection), and survival. During this time period, the SEER programs at the nine sites included in our study covered 200 counties and about 9% of the United States population. The analyses were based on women age 40 years or older diagnosed with first primary breast cancer or who died from breast cancer from 1988 to 2005.
Breast cancer screening indicators
Indicators of early-stage breast cancer consist of in situ breast cancer and invasive breast cancers that were <2 cm at the time of diagnosis (T1 tumors). In situ breast cancer was identified from the fifth digit of the histologybehavior code of the SEER data, which is based on the International Classification of Diseases for Oncology. In situ and early-stage breast cancer are indicators of reductions in mortality in European studies and correspond to the epidemiology of breast cancer screening (4, (9) (10) (11) .
The beneficial effect of screening in reducing mortality occurs as a result of identifying tumor early at a reduced tumor size, lower histologic grade, and reduced axillary lymph node involvement (4, 20) . We used two indicators of advanced breast cancer: (a) the rate of lymph nodepositive breast cancers and (b) the rate of locally advanced breast cancer (LABC). We define LABC as tumors classified as T3 (tumors >5.0 cm in greatest diameter) or T4 (any size tumor with direct extension to the chest wall or skin, and inflammatory carcinoma; ref. 21) . The breast cancer mortality rate was calculated for women who had breast cancer as the underlying cause of death on their death certificate. Women who were previously diagnosed with breast cancer but died from other causes were not included in the breast cancer mortality rate (22) .
Statistical analysis
First, we identified changes in overall breast cancer screening indicator rates over time to put in perspective the changes in geographic disparities (23) . It is possible for disparities to increase even when overall rates are declining. For example, the racial disparity in breast cancer mortality is growing although overall breast cancer mortality is declining (24) . Overall rates were age and race adjusted using the 2000 U.S. standard population. Linear trends in rates from 1988 to 2005 were summarized using the estimated annual percentage change (EAPC). The EAPC was calculated by fitting a linear regression to the natural logarithm of the annual rates, using calendar year as a regression variable. Therefore, the model was
in which x is the calendar year and EAPC is 100 *(e a − 1). Joinpoint regressions were done to identify significant changes in rates over time. Joinpoint regression is based on permutation tests to identify an inflection point (hereafter called joinpoint) with a significant change in the slope of the trend (25, 26) . For our analysis, a maximum of three joinpoints was allowed and a minimum of four points between two joinpoints was required.
Second, we smoothed the observed county rates using hierarchical Bayesian spatiotemporal methods to calculate measures of absolute and relative geographic disparity. Hierarchical Bayesian methods were used because county rates are strongly affected by the annual number of breast cancers in each county and may be very unreliable if based on few breast cancers. Moreover, rates that are close in proximity are not independent of each other (spatial correlation). The smoothed rates are close to the observed rates when based on a large number of breast cancers or population size. However, in counties with lower incidence of breast cancers or with smaller population size, the rates can be strongly affected each year. In this case, the observed rate was smoothed toward the rates of the adjacent counties. Observed county rates were age adjusted using the 2000 U.S. standard population when age-race-county-year-specific data included fewer than five breast cancer cases. Rates were age and race adjusted to this population when age-race-countyyear-specific data included at least five breast cancer cases. We used three racial groups: white, black, and other race. Specifically, we used the Knorr-Held model to obtain the yearly, smoothed county rates during 1988 to 2005 (27) . This model contained four random terms,
in which θ ij is the county-year-specific rate; β 0 is the intercept; μ i and v i are the spatially structured and unstructured random terms, respectively; δj is the temporal random term; and φ ij is the spatiotemporal random term. Specification of the structured spatial random effect was derived from an intrinsic conditional autoregressive model in which adjacent counties were assumed to have similar disease risk (28) . The other three random effects were assumed to be independent of counties and with exchangeable normal priors. Markov Chain Monte Carlo methods were adopted to fit the models. The spatial adjacency matrix was created in ArcGIS (ESRI) using an add-in adjacency tool (29) .
Third, we calculated trends in geographic disparity for each of the breast cancer screening indicators. The NCI defines cancer health disparities as adverse differences in cancer incidence (new cases), cancer prevalence (all existing cases), cancer death (mortality), cancer survivorship, and burden of cancer or related health conditions that exist among specific population groups in the United States (30) . Geographic disparity can be measured in two different ways, depending on whether one is concerned with measuring the relative or absolute distribution of these indicators across counties. The most frequent method of communicating information about disparities in epidemiology and public health is in relative terms (e.g., relative risk). Risk difference, a measure of absolute disparity, is used less frequently. We used measures of both relative disparity [mean log deviation (MLD)] and absolute disparity (the between-group variance [BGV]) because of potential differences in findings between both measures (23, 31) . Whereas many measures of geographic disparity are available, for unordered groups (such as counties, in our instance) the MLD and BGV are recommended (32) . This approach uses population-weighted measures that account for changes over time in the underlying distribution of the county populations and measure absolute and relative disparity as differences from the population average (that is, overall rate) for each of the five breast cancer screening indicators. Both measures weight the county rates by their population size and are more sensitive than other measures of absolute and relative disparity to deviations further from the overall rate (31) . The BGV is calculated by squaring the differences in county rates from the population average and weighting by population size. The MLD summarizes the disproportionality between county rates and population size (expressed on the natural logarithm scale). Extending the risk difference approach to unordered groups, the yearly absolute disparity of BGV is defined as ∑ J j¼1 p j ðy j −μÞ 2 . Extending the relative risk approach to unordered groups, the yearly relative disparity of MLD is written as ∑ J j¼1 p j ð−Inr j Þ, in which r j = y j /μ, p j is county j's population fraction, y j is the county j's age-(race)-adjusted rate, and μ is the overall age-race-adjusted rate across all 200 SEER counties. In the current study, y j was defined as model-based predicted county-year-specific rates and μ was obtained from a summary after multiplying the smoothed county rate by its population fraction. Theoretically, BGV and MLD are no less than 0 and larger values indicate greater disparities. If there is no disparity, then the BGV and the MLD are 0.
Bayesian spatiotemporal models, including the countyyear-specific breast cancer screening indicator rates, year-specific overall breast cancer screening indicator rates, and both measures of geographic disparity, were implemented in WinBUGS (ver.1.4.3, Medical Research Council). After running 20,000 iterations as burn-in, 20,000 more samples were used to obtain parameter estimates, including county-year-specific breast cancer indicator rates and their absolute and relative disparity measures. Model fit was evaluated using the Deviance Information Criteria, with lower values indicating better fit (33) .
Fourth, we used joinpoint regressions to identify significant changes in both absolute and relative disparity measures for each of the five breast cancer screening indicators. SEMs of the absolute and relative disparity measures were based on the 95% credible interval obtained from the Bayesian models. Again, the EAPC was calculated for each joinpoint. We also calculated the period change in absolute and relative disparity between 1988 and 2005.
Fifth, we identified priority counties where disparities remained high. Setting priorities was based on concepts developed in other studies (34, 35) and Centers for Disease Control and Prevention's (CDC) state cancer profiles (http://statecancer.profiles.cancer.gov), namely trends over time, 2005 estimated county rate, and precision of the estimate. Specifically, we calculated the difference between the estimated county rate and the age-race-adjusted rate across all 200 counties. In addition, we calculated the ratio of the difference between the estimated 1988 county rate and the estimated 2005 county rate and the difference between the 1988 and the 2005 age-raceadjusted rate across all 200 counties. This ratio describes the change over time of the estimated county rate relative to the change of the rate of all 200 counties. Both the difference measure and the ratio measure were categorized into three groups based on their distribution across the 200 counties, resulting in nine classes of counties. The highest priority counties had an estimated rate that was at least 10 per 100,000 population higher in 2005 than the overall rate and a decline in rate from 1988 to 2005 that was at least twice lower than the overall rate. The lowest priority counties had an estimated rate that was at least 10 per 100,000 population lower than the overall rate in 2005 and a decline in rate from 1988 to 2005 that was at least twice faster than the overall rate. We did not use the measures of absolute disparity and the relative disparity to prioritize counties because they do not indicate if a rate is below or above the overall rate. All data were managed in SAS 9.1 (SAS Institute, Inc.). Fig. 6 ). The absolute disparity in breast cancer mortality declined 5.3% per year for an overall decline of 60.5% since 1988. The relative disparity in breast cancer mortality rates declined 1.3% per year for an overall decline of 19.8% since 1988. Table 3 displays priority counties for lymph nodepositive breast cancer, which was selected because of the lack of change in the absolute disparity measure and the very small change in relative disparity measure over time. The nine classes of counties were based on the 1988 to 2005 changes in the estimated county lymph node-positive breast cancer rate relative to the age-raceadjusted lymph node-positive rate across the 200 counties and the difference in estimated county rate and the agerace-adjusted lymph node-positive rate across the 200 counties in 2005. Fifty-one counties were classified as hotspots or probable hotspots, which accounted for 25.5% of the 200 counties. Interestingly, there were no counties classified as hotspots or probable hotspots in the Atlanta area, Hawaii, the Detroit area, the San Francisco/Oakland area, and Connecticut. In Iowa, 32 counties (32.3% of 99 Iowa SEER counties) were (probable) hotspots, 8 counties (24.2% of 33 New Mexico counties) were hotspots in New Mexico; 8 counties (27.6% of 29 Utah counties) were hotspots in Utah; and 3 counties (23.1% of 13 area counties) were hotspots in the Seattle/Puget Sound area. The number of (probable) hotspots was overrepresented in the New Mexico, Utah, and Seattle/Puget Sound area based on the number of counties in these areas in SEER. Fortyone counties were considered to be of the lowest priority (Table 3) .
Results
Discussion
The purpose of this study was to examine trends over time in absolute and relative geographic disparity in five breast cancer screening indicators using 1988 to 2005 population-based SEER data. Disparities narrowed since 1988 for all indicators except for in situ breast cancer. Important progress has been made toward achieving the Healthy People 2010 and NCI strategic objectives for reducing disparities, particularly in LABC incidence and mortality rates. Despite trends over time, geographic This suggests that not all counties studied benefited from early detection of breast cancer.
The age-and-race-adjusted in situ breast cancer rate as well as absolute disparity increased dramatically from 1988 to 2000, whereas relative disparity declined during the entire study period. This suggests that the in situ breast cancer rate for some counties increased faster, particularly from 1993 to 1999 (15.6% per year), whereas the rates for other counties lagged behind. Increased mammography use likely contributed to the increase in incidence of in situ breast cancers from 1988 to 2000 (36) . It is also likely that there was geographic variation in mammography adoption during this time period. There was a sudden change in absolute disparity starting in 1999, which may have been related to geographic variation in saturation of mammography use (37, 38) and/or declines in the use of hormone replacement therapy (39) . Between 2000 and 2005, nationwide use of screening mammography fell by 4% overall among women ages 40 years or older and by ∼7% among women ages 50 to 64 years of age (8) . Starting in 1999, both absolute and relative disparity in in situ breast cancer rates declined. Continued monitoring of geographic disparities in in situ breast cancer rates is warranted in light of recent changes in mammography and hormone replacement therapy use.
For stage I breast cancer, the overall age-and-raceadjusted rate increased until 2000, after which it declined. During the entire study period, absolute and relative disparity declined, suggesting that the stage I incidence rates for some counties changed more rapidly than incidence rates for other counties but that the variation across counties diminished over time and became more similar to the overall stage I breast cancer rate.
Overall, declines were observed for lymph nodepositive and LABC rates from 1988 to 2005. This is particularly important because both are indicators of reductions in breast cancer mortality (4, (9) (10) (11) . However, absolute disparity plateaued for lymph node-positive breast cancer and LABC starting in 1993, but then further declined for LABC starting in 1998. Mammography use likely played a role in the changes in both rates over time because early detection is associated with smaller tumor size, lower histologic grade, and lower likelihood of lymph node invasion (4). The changes in disparities over time may be the result, therefore, of increases in county mammography rates similar to overall increases in mammography use, but there was no "catching up" by counties starting out with lower mammography rates in terms of the prevention of lymph node metastasis.
For mortality, the overall rate declined linearly over time as did absolute and relative disparity. This suggests that all SEER counties progressed toward the reduction in the overall age-and-race-adjusted mortality rate, thereby making progress toward the Healthy People 2010 goal and one of the NCI's key strategic objectives (16) . It is expected that reductions in disparity in county mammography use and implementation of evidence-based treatment contributed to the reduction in geographic disparity in breast cancer mortality, just as they accounted for changes in the overall breast cancer mortality rate over time (40) .
Studies are needed to more fully understand the geographic disparity of the breast cancer indicators examined to replicate the findings. Established risk factors for breast cancer in women include older age, a family history of breast cancer, greater height, adult weight gain, high birth weight, alcohol intake, high mammographic density, postmenopausal hormone use, and certain reproductive factors, including earlier menarche, older age at first pregnancy, shorter duration of breast feeding, lower parity, longer interval between births, and greater body mass index in postmenopausal women (41) . Changes in some of these risk factors, such as hormone replacement use, may have contributed to changes in breast cancer incidence at the population level (42) . Unfortunately, much less is known if changes in some of these risk factors contributed to changes in geographic disparity in population-based breast cancer rates. The prevalence of these risk factors should vary across space and time to affect changes in geographic disparities in the breast cancer indicators observed. Future research should focus on examining trends in disparities related to breast cancer risk factors, particularly in light of changes in disparities observed in the breast cancer indicators. Moreover, future studies should examine remaining disparities in specific counties that were identified, such as those with lymph node-positive breast cancer rates that changed little over time and remained elevated in 2005.
Our study has some limitations. First, we restricted our data to women ages 40 years and older to focus on the age group that accounts for the majority of breast cancer cases and effectiveness of breast cancer screening. Second, we used county as the smallest geographic entity within a state because it is the smallest geographic unit with the social, political, and legal responsibility for providing a broad range of services, including health-related services. It also is recognized that comparisons across counties presents several challenges in that one county in one state (e.g., San Francisco) is likely to be comparable with several counties in another state (e.g., Iowa) in terms of size and population density. However, a strength of our Bayesian analysis is that we took into account the spatial relationships among counties, which have been ignored in many ecological analyses. These types of analyses provided many useful features, including the smoothed posterior estimates of the county breast cancer rates we used in the current analysis. Because of our use of the smoothed county rates, disparity measures were less likely affected by extreme rates that were based on few breast cancers or small population size. Consequently, Bayesian methods seem to be more appropriate. Our analysis went beyond describing changes in geographic disparities across the 200 counties to identify also several priority counties.
We recognize that the breast cancer screening indicators are not independent of each other. For example, 53.7% of women diagnosed with LABC had positive lymph nodes and some women (3.3%) who were diagnosed with breast cancer earlier during the study period subsequently died. Regardless of the overlap, we observed important differences across the indicators. Moreover, there are specific biological reasons for focusing on each of the breast cancer indicators (4).
In conclusion, we observed important declines in absolute and relative geographic disparity over time, particularly in LABC incidence and breast cancer mortality rates. This suggests important progress toward achieving Healthy People 2010 and NCI objectives to reduce geographic disparities. However, disparities in county rates remained for in situ, stage I, lymph node-positive breast cancer, and breast cancer mortality, indicating a need for continued monitoring and further study to determine where to target efforts to reduce remaining disparities.
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